Introduction
Dementia is a global problem, with the majority of affected individuals living in developing countries in Asia [1] . Diagnosing dementia in its mild stage is a particular challenge in the Philippines where cognitive decline is generally dismissed as part of normal ageing, the elderly are excused from demanding mental activities, and access to specialists for timely diagnosis is limited. Moreover, most cognitive tests are developed in the English language and grounded on western cultures, hence performance on these tests are known to be influenced by language and culture. Age and education factors are also considered, where appropriate cut-off scores are often used to adjust for difference in these demographic factors [2] - [4] . With a view to address these, the validated Philippine version of the Mini-Mental Status Examination (MMSE-P) was developed [5] . Though commonly used, the MMSE does not detect mild cognitive impairment, thus a need for a more sensitive screening tool for detecting mild dementia.
The Montreal Cognitive Assessment (MoCA) was designed to detect mild cognitive impairment [6] in those with normal MMSE scores, and therefore stands as a better screening instrument for early detection of mild dementia. That it contains items that measure executive functions makes it reportedly useful in the assessment of Vascular Cognitive Impairment (VCI) [7] and in evaluating the cognitive functioning of patients with Parkinson's Disease [8] . The MoCA has been adapted and validated in various languages and cultures [9] - [12] . This study aimed to determine the diagnostic validity of the Philippine version of the MoCA (MoCA-P) [13] among urban community-dwelling elderly Filipinos, and the effects of age and education on MoCA-P performance.
Methods

Study Design
This was a cross-sectional study conducted in Marikina City, a part of Metro Manila, Philippines. Marikina City maintains a registry of their senior citizens which has a listing of 17,690 elderly. The study protocol was approved by the St. Luke's Medical Center Institutional Ethics Review Committee. Permission to adapt and validate the MoCA was obtained from Prof. Ziad Nasreddine.
Participants
The registry was randomly and proportionately sampled to make sure that all of Marikina City's 16 local government units were represented. A sample size of 1460 was calculated based on the reported sensitivity and specificity of the MoCA and an estimated 5% prevalence of Alzheimer's Disease (AD).
Procedure
Prospective participants were invited to the community research site together with a reliable collateral informant. Informed consent was obtained from all participants or their next of kin when the participant was assessed by the investigators to be incompetent to sign the consent. Each participant underwent standard medical and neurological examination by a physician. The diagnosis of probable AD was made based on the National Institute of Non-Communicative Disorders and Stroke-Alzheimer Disease and Related Disorders Association (NINCDS-ADRDA) [14] and the stage of dementia was rated using the Clinical Dementia Rating (CDR) [15] . Neuropsychological testingwas conducted by trained psychologists using the MoCA-P, Geriatric Depression Scale (GDS) [16] , and the Neuropsychiatric Inventory (NPI) [17] . The physicians and psychologists were blind to each other's ratings.
Statistical Analyses
Descriptive statistics and between-group comparisons using Analysis of Variance (ANOVA) were conducted to compare pertinent demographic and clinical characteristics of the study's participants. Sensitivity and specificity for each cut-off score in the MoCA-P score range was calculated. The optimal cut-off score for predicting probable AD was determined. A receiver operating characteristic (ROC) curve analysis with area under the curve (AUC) was used to determine the predictive value of the MoCA-P. Because of the lack of published prevalence indices of probable AD in the Philippines and the absence of an appropriate reference group, pre-test probability and pre-test odds were calculated using the prevalence of disease from the base sample size. Post-test odds were calculated using the likelihood ratio of the MoCA-P. Logistic regression analysis was used to determine the effect of education and age on MoCA-P performance. A p < 0.05 was considered statistically significant in all analyses in this study. All statistical analyses were performed using Statistical Package for the Social Sciences (SPSS), version 17.0.
Results
Of the 1460 elderly who were recruited, 1,385 provided informed consent and participated in the study. Seventy five declined participation and 575 participants who were excluded from the study due to the following reasons: medical conditions that could affect test performance or confound AD diagnosis (e.g., significant hearing and/or visual impairment, history of stroke, depression, history of traumatic brain injury, hypothyroidism, other major psychiatric illness, Parkinson's Disease, seizures, use of anti-cholinergic drugs, and use of cognition-impairing medications); incomplete neuropsychological testing; primary language is not Filipino; difficulties in comprehending test instructions; and writing illiteracy that precluded performance on MoCA-P items that involved graphomotor output. In addition, 197 participants with Mild Cognitive Impairment (MCI) were excluded because they did not fulfill the criteria for probable AD.
The remaining 606 participants (509 controls, 97 participants with probable AD) comprised the final sample for analysis. They had a mean age of 68.9 ± 6.51 years, majority were female (67.8%), and with mean years of education of 9.54 ± 3.747 years. The probable AD group was significantly older (F (2, 799) = 53.61, p < 0.05) and had lower education (F (2, 795) = 22.19, p < 0.05). The proportion of females who had probable AD was 15.8% and was not significantly different from that of males at 16.4% (p value 0.852). The probable AD group was in the early stage of dementia as reflected in their mean CDR global score of 0.60 ± 0.30. The two groups did not differ with respect to the Modified Hachinski Ischemic Scale (MHIS) scores given that presence of stroke and vascular dementia were reasons for exclusion from the study (F (2, 800) = 0.83, p = 0.437).The mean MoCA-P score for the entire sample was 21.11 ± 5.150. The control group had significantly higher mean Mo-CA-P score and post-hoc analysis using Bonferroni adjustments showing no significant overlap of scores ( Table  1) . In both groups, MoCA-P scores decreased with increasing age. For every ten years increase in age, MoCA-P scores decreased by 1.5 and 2.4 points among controls and probable AD respectively. There was no significant difference in the relationship between age & MoCA-P was seen between the two groups (Figure 1) .
Sensitivity and specificity was calculated for every cut-off score ( Table 2) . A cut-off score of 19/20 had the highest sensitivity with good specificity at 0.814 and 0.825, respectively. However, since the MoCA-P is being used as a screening test, the next score with better sensitivity (0.835) was preferred to improve test sensitivity without much trade-off in specificity (0.723), as seen in the ROC curve and AUC of 0.89 (p < 0.001) (Figure 2) . At this cut-off score, the positive likelihood ratio and negative likelihood ratio obtained for this cut-off score were 3.01 and 0.23, respectively. With a pre-test probability of 0.0869, pre-test odd was 0.0951 while post-test odd was 0.286. Post-test probability was 0.2224.
Results of the logistic regression analysis revealed that older age was significantly associated with a positive MoCA-P, defined as a score of ≤20 (p < 0.05). Holding all variables constant, the odds of getting a positive MoCA-P score increased by 9% for every unit increase in age, or 2.5 times for every 10-year increment in age (confidence interval (CI) = 1.065 -1.130). By logistic regression analysis, low education, defined as ≤7 years of education, was also significantly associated with a positive MoCA-P score (i.e., fails the test) at p < 0.05. Holding all things constant, the odds of getting a positive MoCA-P score is 3.8 times more likely with low education (CI = 2.649 − 5.563) ( Table 3) . Additional logistic regression analysis revealed that the odds of probable AD increased by two times for every unit decrease in education, starting at 7 years ( Table 4) . Holding MoCA-P scores and age constant, lower education (i.e., ≤7 years) increases the probability of being classified as having probable AD by almost 2 times (CI = 1.059 − 2.852). Thus, 2 points is added to the total MoCA-P score and the cut-off year level of education was set at ≤7 years. At this level, MoCA-P scores differed significantly when obtained from those with ≤7 or ≥8 years of education. Pre-test and post-test odds were calculated to be 15.7 and 47.16, respectively. In a related analysis, education level specific cut-off was determined to be 17/18 for ≤ 6 years of education with a specificity, specificity and AUC of 0.70, 0.89 and 0.87 respectively and 19/20 for >6 years of education with a sensitivity, specificity and AUC of 0.85, 0.74 and 0.85 respectively.
Discussion
The results of this validation study show that the MoCA-P can validly discriminate between early stage probable AD and control subjects at a cut-off score of 20/21. This cut-off is lower when compared to that of the original MoCA version which is 25/26. Although most MoCA versions validated in various settings report the same cutoff scores as the original, different cut-off scores have been reported by others. A study done in a hospital setting on elderly urban-dwelling male veterans reported a cut-off score similar to our results, and they demonstrated that this cut-off score correlated significantly with other neuropsychological measures when compared to higher cut-off scores like 22/23 and 25/26 [18] . A lower cut-off of 22/23 was also recommended in a group of southwestern Caucasians [19] and this was reported to be optimal among co-Asians i.e. Koreans [20] . Both our sample and the Korean sample have lower mean years of education at 9.28 ± 3.87 and 8.3 ± 3.7, respectively. The Japanese sample of the MoCA-J [21] had 12.4 ± 2.5 years of education which is closer to the sample in the original version with 13.3 ± 3.4 years of education. Both have similar cut-off score. The new scoring rules of the original version now require adding 2 points to the total score for subjects with 4 -9 years of education and 1 point for 10 -12 years of education. Our results recommend adding 2 points to the total MoCA-P score for those with ≤7 years of education. Using the original cut-off and its education-based point adjustment is, therefore, not valid in our population as it may overestimate cognitive impairment and probable AD. Another way of handling the effect of education is to derive education-level specific cut-off scores. In our sample, a lower cut-off score for ≤6 years of education was found. We recommend the use a single cut-off score for MoCA-P at 22/23 as it is easier to use in the community and in research. The negative influence of older age and lower education on neuropsychological test performance is confirmed in this study and education could be a reason for lower cut-off scores. In clinical settings, memory complaints are very common in the elderly, even those without probable AD. Such complaints may put physicians at a diagnostic dilemma and therefore, the MoCA-P can be very valuable in their evaluation. The pre-test probability of a person with memory complaints for having probable AD is 0.0869 or 8.69%; but when MoCA-P is administered the probability increases to 0.2224% or 22.24% if the person tests positive (i.e., fails the test). A positive test, therefore, raises physicians' confidence to detect probable AD, thereby prompting early diagnosis. On the other hand, if the person tests negative (i.e., passes the test) such probability is markedly reduced to 0.0214% or 2.14%. This negative test, likewise, increases physicians' confidence to assert absence of disease which is comforting to patients, though merits follow-up.
The ideal cognitive screening instrument in a primary care setting is brief and simple to administer, acceptable to patients, independent of education, culture, and language factors that confound performance, and broad in its coverage of cognitive domains of interest. Although the MoCA-P at the 20/21 cut-off is similar to the MMSE-P, which has a cut-off score of 23/24 in terms having same AUCs of 0.89, the MoCA-P has the advantage of having more items that tap into attention, executive function, and visuo-spatial skills and is therefore more effective in detective mild impairment. However, the time needed to administer the MoCA-P was sometimes perceived to be lengthy given the number of tasks involved, which discouraged participation in some subjects. In light of this, it seems advisable to administer the MoCA-P when a patient fails the MMSE-P.
The cross-sectional design of this study involving a large sample size strengthens the generalizability of its findings. Our sample of 606 participants is fairly large for a validation study when compared to other MoCA validation studies where most sample sizes were less than 200 [22] [23] . Although probable AD comprised 16% in this sample, it is not that small to make the ROC invalid. Moreover, that this study is drawn from a community-based sample makes it relatively more representative of the general population in terms of education, residential stability, and economic status. The MoCA-P cut-off score is, therefore, generally applicable to the Filipino elderly population.
Conclusion
The MoCA-P is a reliable and valid cognitive screening tool for the detection of mild probable AD among the Filipino elderly. The recommended cut-off score of 20/21 has a sensitivity of 0.835 and a specificity of 0.723. Its positive likelihood ratio and post test probability prove it to be useful in clinical practice.
